Abstract
Introduction

30
Mosquitoes have been widely studied because of their role as vectors of several 31 pathogens affecting humans and animals (Silver 2008 
48
The mosquito Armigeres subalbatus is a vector of filarial worms with medical 49 importance, Brugia pahangi (Muslim et al. 2013 ) and with veterinary importance,
50
Dirofilaria repens (Lee et al. 2007 ). Ar. subalbatus has also been found infected with 51 Japanese Encephalitis Virus, JEV (Tanaka et al. 1979 ) and has been incriminated as a 52 JEV vector in settings without rice fields (Chen et al. 2000) . Regarding bloodfeeding, it 53 has been reported that this mosquito was able to experimentally feed on humans, mice, 54 chickens and reptiles, but not amphibians (Miyagi 1972) , thus reinforcing the view that The mosquito Ar. subalbatus is widely distributed in Asia (Tanaka et al. 1979, 57 Amerasinghe and Munasingha 1988a, b) and has been observed across altitudinal 58 gradients (Zea Iriarte et al. 1991 ), yet no detailed study has assessed its population (Tsuda et al. 1994 ).
65
Overwintering occurs in the larval stage (Mogi 1996) , and larvae seem to enter 66 diapause because of a synergistic interaction between low temperature and short day 67 length (Oda et al. 1978 
Materials and Methods
83
Study site: Larval and adult mosquitoes were biweekly sampled across 27 locations in 84 Mt. Konpira (Fig. 1) . Mt. Konpira is located in Nagasaki city, northwest Kyushu, western 85 Japan (Fig. 1 ). Nagasaki has a temperate seasonal climate, with 4 well defined seasons.
86
Temperature in the winter (from December to February) rarely drops below 0 ⁰C and 87 snowfall is minimal, often absent. By contrast, the summer (mid July to mid September) 88 has both high relative humidity, above 65%, and temperature, above 27 ⁰C (Isida 1969 taken with a fisheye ball lens located at ground level within a 1.5 m radius of a focal tree, i.e., a tree where an ovitrap was located. For the photos we used a EOS 40D camera 105 (Canon Co., Tokyo, Japan) that had attached a normal lens (EF-S17-85mm F4-5.6 IS 106 USM; Canon Co., Tokyo, Japan) and a 180⁰ fisheye lens (Nordward optronics 0.25X
107
Super fisheye lens 180° G2; Revel Royal Inc, Aichi, Japan), which allowed to take (Table S1 ) was then used as a ground cover index.
118
Mosquito Sampling: To sample immature mosquito stages we made "ovitraps" (Zea paint (Kanpe Hapio Co., Ltd., Osaka, Japan) inside and outside. We made one 5 mm 121 opening to both hold the can to a tree, using a cord, and to drain excess water above 122 280 ml. All traps were uniformly set at 1.2 m above the ground level. We selected this subalbatus (Weathersby 1962) . Similarly, we started to collect mosquitoes in May, given 147 that in Shandong Province, China, at the same latitude of Nagasaki, adult mosquitoes 148 have only been caught after May 10 th (Zhang et al. 1992 ).
7
Weather Variables: At each sampling session we recorded the air temperature and 150 relative humidity using a portable O-230 termohygrometer (Dretec Co., Saitama, Japan).
151
The water temperature in the ovitraps was measured using an AD-5617WP infrared Statistical analysis: Larvae data of Ar. subalbatus were not analyzed given that we 163 found them at two localities, once at one site, inside a vacant lot bordering a prickly 164 forest, and two times at another other site, inside an area whose vegetation was 165 dominated by acorns (Fig. 1) .
166
To detect spatio-temporal clusters, i.e., hotspots, of Ar. subalbatus adults, we 167 employed an elliptical cluster detection mode in a SCAN spatio temporal Poisson model 168 (Kulldorff and Nagarwalla 1995, Kulldorff et al. 2005 ). We constrained the maximum 169 cluster size up to 50% of the samples while scanning the whole study site. We chose 170 the elliptical shape over a circular one given that our sampling followed transects we proceeded to study of the density-dependence regulation of Ar. subalbatus adults.
204
We started by plotting the per-capita growth rate (r) of this mosquito as function of its 
207
Based on the results from this preliminary analysis, we fitted the Ricker model to the Ar. 
212
Where 0 is the intrinsic rate of population growth and b is a density-dependence To fit the models to our data we assumed biweekly adult counts had a negative binomial
218
(NegBin) distribution, given our observations had a variance larger than their mean, i.e., 
225
Which implies stochasticity affects individuals, in this case Ar. subalbatus mosquitoes,
226
independently of their density. We also fitted the model assuming stochasticity was 227 demographic, i.e., a function of mosquito density (Melbourne and Hastings 2008) :
229
We expanded the model presented in (2) to account for the potential impacts of weather 230 variables (WV) on the dynamics, as follows:
232
Where is a coefficient for the impact of a WV at any time lag z. The lag z for the WVs 233 was estimated with the CCFs previously described. To incorporate the forcing of 234 equation (5) into equations (3) and (4), we simply changed the mean of the negative 235 binomial to the following:
237
To fit the model presented in (3) and its forced version (6), we employed a 
243
All statistical analysis were implemented with the statistical software R version 
Results
247
We collected a total of 114 adults and 21 4 th instar larvae of Ar. subalbatus 248 during the duration of our study (Fig. 1) . Adults of Ar. subalbatus were present through 249 all the land cover uses and vegetation types that we sampled, and were only absent 250 from one of the points that we sampled (Fig. 1) . The average (± S.D.) number of adults 251 per sampling location was 4.22 ± 2.35, ranging from 0, i.e., a place where Ar.
252
subalbatus was never detected, to 9 individuals (Fig. 1) . Fig. 1 also shows that adults of
253
Ar. subalbatus were clustered across the northernmost sampling locations, which were 254 all inside an area of the forest dominated by acorns.
255
The best spatial model showed that elevation and ground cover ( 
263
Temporal patterns of Ar. subalbatus (Fig. 3) showed that its abundance peaked 264 during the 5 th , 7 th and 9 th sampling biweek, i.e., July 12 th , August 9 th and September 6 th 265 respectively, reaching a maximum of 34 individuals (Fig. 3A) . series had temporally independent observations, as indicated by the lack of significant 269 lags in its ACF (Fig. 3B) and PACF (Fig. 3C) . Regarding fluctuations in the weather 270 variables, it can be seen that peaks in mosquito abundance (Fig. 3A) overlapped with 271 those of rainfall (Fig. 3D ), but not those of temperature (Fig. 3E) rainfall without a temporal lag (Fig. 3G ), but not with temperature ( Fig. 3H) , nor with
276
Relative Humidity (Fig. 3I ).
277
As expected in a population undergoing density-dependent regulation (Fig. 4) we
278
found that the per capita growth rate of Ar. subalbatus decreased with its population 279 size.
280
Estimates of the environmental negative binomial Ricker model (Table 2) 281 outperformed those of the demographic one (Table S2 , online only). Table 2 shows the 282 fit considering the forcing by rainfall was better, i.e., with a lower AIC, than an 283 autonomous model. The effect of rainfall on the density dependent regulation of Ar.
284 subalbatus (Fig. 5) was to increase the number of mosquitoes, nevertheless, in all 285 cases the abundance of Ar. subalbatus was under a strong density dependence, with 286 the per capita growth rate diminishing with adult abundance in all instances.
287
Discussion
288
We found that temporal changes in adults of Ar. subalbatus were autonomous 289 from changes in temperature and relative humidity. Nevertheless, these two factors may 
306
The positive impact of rainfall on adult Ar. subalbatus abundance can be related Table 1 . 360 Table 2 ). 372 
